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VM1 � 8� ,

   �VO4_* `.	+V� -� 8a?# �� b 8*��\* �	�	� A4U��'�

� � 
� �`4_* �  �V* ��,%�V� �LB	� -� K'LM* ���  � V�
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� �  2I -� ��+L�� 2�)*	 8�	 A)�* �g^	 * �� �

 �� +d�VVb -VV� &�VV�, -VV#	� $-VVU+,	 .�VV��� -LVV�	�# � VV]�

Y+L��2	%�	 8�4^ � 2� � +1�* +1   ��4V?� A4V"#�] �#	 1
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 8.���V_* �� 2I    8V�	 
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23.	% �4�	�I   �V'< %	 
�V� A.+LV"4� ��   +V4c ����.����V�
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  �V* A.	+��V�� � 
� a# 
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Table 1. Ingredients and chemical compositions of basal diet  

Value  Chemical composition Amount (%)  Ingredients 
2900  Metabolizable energy (kcal/kg) 40.43  Corn grain 
24  Crude protein (%) 20  Wheat grain 

0.80  Calcium (%) 34.26  Soybean meal 
0.30  Phosphorus (%) 1.41  Soybean oil 
0.15  Sodium (%) 1.32  Limestone 
1.30  Lysine (%) 0.97  Dicalcium phosphate 
1.39  Arginine (%) 0.36  Salt 
0.50  Methionine (%) 0.25  Vitamin premix1 

0.75  Methionine + Cysteine (%) 0.25  Mineral premix2 

0.26  Tryptophan (%) 0.17  DL- methionine 
-              -   0.21  L- lysine HCl 

1 Vitamin premix provide Vitamin A 9000 IU/g. Vitamin E 18 IU/g. Vitamin K3 2 mg, Vitamin B1 1.8 mg, Vitamin B2 6.6 
mg. Vitamin B3 30 mg. Vitamin B6 3 mg, Vitamin B7 0.1 mg, Vitamin B12 0.015 mg, Choline chloride 500 mg, Ca 
pantothenate 10 mg and Folic acide 1 mg in one kilogram diet. 
2 Mineral premix provide Mn (Mno4) 100 mg, Zn (ZnO) 100 mg, Cu (CuSo4) 10 mg, I (CaI) 1 mg, Se 0.2 mg and Fe 
(FeSo4) 50 mg in one kilogram diet. 
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%	�#	 J��\L*
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�* � a�� $2	��)�� � ��.+�) �"M�1381 �et al., 1996 

Allen Mathlouti et al., 2003;�* � a�� A.	 -� $( �#	 1

 � & #ee $& #� {� �� ���	 , �	 * -L.% )?.� q��� ��

 & >'.	(Wu and Ravindran, 2004)$  �	 * 
m� q.	H9	

 +4�M1 �	+� �/0* �	 * ��+L�� 84'��^ q��� � �/0*
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m� 84'��^ �

E	��4� �+� � A4>1�+< ��(Mohammed, 1995)  q��� �
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��� � '9�+)4* �� -] 1 J��^ �+4,��  J�)*
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.HV#I K'LM* N O�  ���  E�FVG

-�D -� j �+*:  +Q	 
.HV#I K'LM* N O�   ���V])4 ��� (

 2	� $�V�O� -d _* ��+U �G�� � -�D 
�%��  ��V� $�V�  $�V�

��_d $['^ �  Y� �%	  ��V_T    �V�g* E��VF1 ���V*I ��	�

  .8V�	�# -V�   +V�  ��VB  ��� +VQ	 AV.	 $   +.��V\*  �aV?# 2%�
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�g*�g*� ) � � �	�05/0P< .(-] ] 

U��'�A4 ��� /01 -V.   
�V�  ] �V� 
+V4  ��V�  ���VB  JV�)* 

VV�.H#I�  �aVV?# 2%� �	�	� $�VVa� 2	�5�VV�q4VV< �
�VVg* 

�<A4. �+1 
�+, -� 8a?# ��� /01 -V.   
�V�  ] �V� 
+V4  ��V� 

 2��� J�)*�.H#I� �#� � .2��� # ,* -WB3* -� -� � � 

�A4 1 ��.H#I ������4%	  ��_T �aV?# 2%�  -�4V�   E��VF1

�g*� ��	� � ]�  ��	�)01/0P<.( �q4 A.+V1  �VG��  2%�

 -�4����B ���41 -� j �+* 400 ppm    � �V�.H#I JV�)*


� +1 A.�G��  -�4� 2%�   ��V�41 -V� j �+*   JV�)* 2��V�

.8�	 ��.H#I  

      

 ���]2 - ��QI  E	�P 
%	�#	 �'G	&��, 
+4] �� 
.H#I K'LM* N O� � ��+)'�( E�FG ��� &��, -.�< +� ���  

A4U��'� -] ]  A4�� �� ��<	e8  �135 �,%��  
Table 2. The main effects of wheat particle size and different levels of enzyme on wheat-based   

diets on growth performance of Japanese quail between the ages of 8 and 35 days  
Main effects Average gain (g/bird/day)  Feed intake (g/bird/day)  Feed conversation ratio  

Enzyme level (ppm)   
  

0 6.08 17.67a 3.40a  
200 6.07 17.77a 3.30ab 
400 6.07 16.59b 3.13b  
SEM  0.026 0.640  0.134  

P-value  0.098 0.006  0.003  
 
Wheat particle size (mm) 

 
 

2 6.28a 16.54b 3.03b 
3 5.96b 17.63a 3.36a 

3.5 5.97b 17.86a 3.45a 
SEM  0.089  0.703  0.216  

P-value  0.002  0.003  0.001  
a-b Means within a column with different letters are significantly different (P<0.05). 
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   ���]3 - ��QI  E	�P 
%	�#	 J��\L*&��, 
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                                      A4U��'� -] ]  A4�� �� ��<	e8  �135 �,%��  
Table 3. The interaction effects of wheat particle size and different levels of enzyme on wheat-based diets on 

growth performance of Japanese quail between the ages of 8 and 35 days  
Wheat particle size (mm) × 

Enzyme level (ppm) 
Average gain (g/bird/day)  Feed intake (g/bird/day)  

Feed conversation 
ratio  

2 × 0 6.10 16.97abc 3.15bcd 
3 × 0 5.95 18.13ab 3.51ab 

3.5 × 0 6.01 17.91abc 3.75a 
2 × 200  6.13 16.66abc 3.11cd 
3× 200  6.06 18.46a 3.44abc 

3.5 × 200 6.02 18.19ab 3.36abcd 
2× 400 6.06 16c 3.03d 
3× 400 6.00 16.32bc 3.12bcd 

3. 5× 400 6.14 17.47abc 3.24bcd 
SEM  0.084  0.888  0.254  

P-value  0.073  0.001  0.001  
a-d Means within a column with different letters are significantly different (P<0.05). 

  &	�V#	 �aV?# 2%� q��� �� -O�	� �� +h�B q.�*%I �.�L#-

     �V� 8V\��O* �� �V�.H#I JV�)* -� :��< �� ���	 , ���

   A4V\\_* ;�	HV,  A4V"4< 8V�	 )Wang et al., 2005; 

Sayyazadeh et al., 2006.( )2003( Selle et al.   q.	HV9	

 �a?# 2%� �� -�4� 89��	�   ���V� -� 8a?#  -V� :V��< �� 

  �� %�VL49 � %�V#3.	% ��.H#I J�)* 2��H9	    -V.�< +V� 
+V4] 
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2	��)�� )1389( ��g* +4Q�1�	+� 	� ��	�   KV'LM* N O�

 J�)*�.H#I� ���  �G�� 2%� -�D .�#�+)# ;�	H,+� ��� 

T�O* ) -Vg2005 (Nadeem et al. $  
��FLV�	 HV#I %	
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���� �'< c ����.�����+4 -L��"# 	� ] ��
+4  ��V� 
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 �< |�� � 2	�5�� $['^8�	�#$  -V� 	� �a� �a?# 2%� �T� 

 VV�g* � VVd� ��	�  q��VV� .�	�-VV�  +VV� ��VVBq.�VV*%I �� $ 

�+5.� )1993 Brenes et al., $(   
+V4] -V� 
.H#I 2��H9	

Z+*
M1 ���  �	/, �� q��� -� +!�*   
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 �a� � 
�g�T	% T $;�	 ,.��  
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Abdollahi et al. (2011) �Serranom et al. (2013)    -V�

�#�	� 2�"# &	�#	 �a?# 2%� ���    ;�	 V, 
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 � mB�'<   -LV��"# +V4c ����.����� 	�   �V��� &�V�, ��. 

�'< nO� q.	H9	   -LV��"# +V4c ����.����� 	�    -V� +V!�*

     
Vm� 8V4'��^ q��V� � ��Vm� 
��* -L.% )?.� q.	H9	

* �/0* �	 *�  �� ��� - L# -V!4 2I $   � �VL�+B 8V4T�g9

 �_�+1&	�#	q.	H9	 ��m� ���  V*�  .�V��.    �.�VL# AV.	 ��
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Table 4. The main effects of wheat particle size and different levels of enzyme on wheat-based  
diets on carcass characteristics of Japanese quail   

Main effects Carcass efficiency1 Breast2  Thighs2 Wings2  Heart1 Spleen1 Bursa of fabricius1  Gizzard1  Liver1 Proventriculus1 Abdominal fat1  
Enzyme level (ppm)         

0 61. 99 01b.41  55.25 13.7 84.0  07.0 12.0 16a.2  69a.2  43a.0  0.57  
200 61.16 41.07b 72.25 64.7 87.0  07.0 11.0 01b.2  53ab.2 39ab.0 0.71  
400 60.68 43.05a 95.25 70.7 86.0 06.0 10.0 02b.2 38b.2 37b.0 0.59  
SEM 0. 941 166.0  081.0  191.0  025.0  0007.0  0005.0  015.0 049.0 002.0  0.104  
P-value 0. 21  006.0  82.0  76.0  67.0 36.0 39.0 01.0 01.0 05.0 0.30 

 
Wheat particle size (mm) 

2 60. 84 79.41 55.25 53.7 84.0 07.0 09.0 02.2  47.2  0.40 0.63 
3 60. 89 95.41 43.26  46.7 89.0 06.0 10.0 10.2 60.2  0.40 0.61 
3.5 62. 09 40.41 25.25   48.7 84.0 07.0 11.0 07.2  54.2  0.39 0.63 
SEM 1  157.0  666.0  010.0  041.0  0005.0  0001.0  003.0  009.0  0.0008  0.01  
P-value 17.0  72.0  17.0  95.0  29.0  52.0  29.0  42.0  43.0  0.87  0.97  

1 Percentage of live weight; 2 Percentage of live weight; a-c Means within a column with different letters are significantly different (P<0.05). 
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Table 5. The interaction effects of wheat particle size and different levels of enzyme on wheat-based diets on carcass characteristics of Japanese quail 

Wheat Particle size (mm) × 
Enzyme level (ppm) 

Carcass 
efficiency1 

Breast2  Thighs2  Wings2  Heart1 Spleen1 
Bursa of 

Fabricius1  
Gizzard1  Liver1 Proventriculus1 

Abdominal 
fat1  

2 × 0 61.60  82ab.40 08.26  03.7 86.0 079.0  10.0  25.2  10.2 43.0  0.60  
3 × 0 03.63  60ab.41  78.25 18.7  85.0  066.0  12.0 22.2  62.2 47.0  0.49  
3.5 × 0 35.62  97ab.40 80.24 19.7 81.0 083.0  11.0  28.2  64.2 40.0  0.62  
2 × 200 67.60  75ab.40  08.25  74.7  88.0  066.0  10.0 08.2  55.2  38.0  0.73 
3× 200 47.60  56ab.40  57.26  47.7  87.0  071.0  09.0  08.2  86.2  37.0  0.70 
3.5 × 200 33.62  38b.39 51.25  70.7  86.0  077.0  11.0  96.1  68.2  35.0  0.71  
2× 400 26.61  46a.43  50.25  81.7  78.0  063.0  11.0  89.1  16.2 38.0  0.57 
3× 400 18.59  79ab.40  93.26  73.7  94.0 060.0  09.0  06.2  53.2 35.0  0.65  
3. 5× 400 60.61  53a.42  44.25  55.7  84.0  067.0  10.0  23.2  58.2  39.0  0.56  
SEM 67.1  416.0  208.0  014.0  002.0  001.0  0008.0  002.0  005.0  0008.0  0.083  
P-value 16.0  01.0  732.0  911.0  275.0  928.0  097.0  069.0  243.0  276.0  0.91 
1 Percentage of live weight; 2 Percentage of live weight; a-b Means within a column with different letters are significantly different (P<0.05). 
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Table 6. The main effects of wheat particle size and different levels of enzyme on wheat-based  

diets on length of intestine (mm) of Japanese quail   
Main effects Duodenum        Jejunum                    Ileum 

 
Enzyme level (ppm)   

0 52.39 111.61 103.69a  
200 46.56 104.57 101.10ab 
400 46.15 100.78 90.71b  
SEM  0.225  0.256  0.590  

P-value  0.08 0.10  0.01  
 
Wheat particle size (mm) 

 
 

 

2 48.22  100.93 101.13 
3 48.75 107.42 94.71 

3.5 48.13 108.61 99.66 
SEM  0.085  0.465  0.618  

P-value  0.97  0.28  0.17  
a-b Means within a column with different letters are significantly different (P<0.05). 
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Table 7. The interaction effects of wheat particle size and different levels of enzyme on wheat-based diets on 

length of intestine (mm) of Japanese quail  
Wheat Particle size (mm) ×  

Enzyme level (ppm) 
Duodenum Jejunum Ileum 

2 × 0 48.94 105.19 101.91 
3 × 0 55.52 112.87 107.47 

3.5 × 0 52.70 116.76 97.94 
2 × 200 50.64 106.91 99.86 
3× 200 46.80 107.10 101.69 

3.5 × 200 45.24 106.71 105.51 
2× 400 45.07 102.70 101.63 
3× 400 46.93 103.30 91.77 

3. 5× 400 46.45 108.35 95.55 
SEM 0.251 0.348 0.516 

P-value 0.497 0.424 0.433 
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Table 8. The main effects of wheat particle size and different levels of enzyme on wheat-based  
diets on jejunum morphology of Japanese quail  
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Table 9. The interaction effects of wheat particle size and different levels of enzyme on wheat-based diets  
on jejunum morphology of Japanese quail  

Wheat Particle size (mm) × 
Enzyme level (ppm) 

Villus height (µm) Crypt depth (µm) 

2 × 0 450abc 70bc 
3 × 0 366.25bc 68.75bcd 

3.5 × 0 318.75c 87.50a 
2 × 200 558.75a 63.75bcd  
3× 200 432.50abc 50ab.72 

3.5 × 200 25bc.406  62.50 bcd 
2× 400 567.50a 53.75d 
3× 400 480ab 55cd 

3. 5× 400 402.50bc 60bcd 
SEM 631.0  312.0  

P-value 001.0  001.0  
a-c Means within a column with different letters are significantly different (P<0.05). 

 

  

  Main effects 
    

Villus height (µm) Crypt depth (µm) 
Enzyme level (ppm)  

  
 0   04b.373 77.29a  
 200   63a.465  65.83b  
 400   79a.479  57.91c  

  SEM     600.0  0.259  
  P-value    001.0  0.001 
Wheat particle size (mm) 

  

 
2 

   
79a.516 62.91b 

 3   67b.426  66.87b 
 3.5   375c 71.25a 

 SEM      741.0  0.214  
 P-value      001.0  0.001  
a-c Means within a column with different letters are significantly different (P<0.05).  
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Fig. 1. Jejunum cross-section (×10 magnification) obtained from 35-day-old broiler chicks. Left image related to 
treatment of wheat particle size (2 mm in diameter) and enzyme supplementation at 400 ppm and right image 

related to treatment with 3.5 mm wheat particle size without enzyme supplementation. 1: villus height (µm) and 
2: crypt depth (µm) 
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Abstract 

This experiment was conducted to investigate the effect of wheat particle size and different levels of enzyme on 
performance, carcass traits, and small intestine morphology of Japanese quails. A 3 × 3 factorial arrangement in 
a completely randomized design was used in nine experimental treatments replicated four times with 20 birds 
per replicate. The investigated factors were three wheat grain particle sizes (2, 3, and 3.5 mm) and three levels 
of dietary enzyme supplement (0, 200, and 400 ppm). The measured traits included: performance, carcass traits, 
and small intestine morphology. The results showed that the dietary enzyme significantly reduced feed intake 
and feed conversion ratio (P<0.01). The effect of wheat particle size on feed intake, body weight, and feed 
conversion ratio were also significant (P<0.01). The interaction effect of wheat particle size and enzyme 
affected significantly feed intake and feed conversion ratio through the experimental period from 7-35 days of 
age (P<0.01). Relative weights of proventriculus, gizzard, and liver were significantly reduced by enzyme 
supplementation (P<0.05). The relative weight of the breast significantly increased by dietary enzyme addition 
(P<0.01). Enzyme supplementation also significantly increased the villi length of the jejunum (P<0.01). In 
conclusion, dietary inclusion of wheat grain at 2 mm diameter particle size supplemented by 400 ppm enzyme is 
recommended. 
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